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Starch-Derived Products 

RELATED APPLICATION 

This application claims priority to U.S. Provisional Application Serial No. 60/448,814, 
filed February 19, 2003, the contents of which are incorporated herein by reference. 

BACKGROUND 

Starch-derived products include sugars and fermentation goods. 

A variety of sugars, which find their use in food and pharmaceutical industries, can be 
prepared from starch. Generally, the starch is first isolated from starch-containing produce by a 
tedious and costly process. Further, the process involves use of undesirable chemicals. 

Fermentation goods such as wine and vinegar also have great commercial value. 
Traditional production methods require a long fermentation time due to the slow rate of 
converting starch to fermentable sugars by microorganisms. 

Thus, there exists a need to develop better processes for preparing starch-derived 
products. 

SUMMARY 

In one aspect, this invention features a method for producing a monosaccharide-rich 
syrup from starch-containing produce. The method includes treating a starch-containing produce 
slurry with a first starch hydrolyzing enzyme (e.g., a- amylase, isoamylase, pullulanase, and 
amylopullulanase) that hydrolyzes starch to oligosaccharide and a second starch hydrolyzing 
enzyme (e.g., glucoamylase) that hydrolyzes starch or oligosaccharide to glucose. The starch- 
containing produce slurry can also be treated with a converting enzyme (e.g., glucose isomerase) 
or a microorganism (e.g., Moniliella PTA-2862) that converts glucose to other monosaccharides. 

The term "monosaccharide" mentioned herein refers to saccharides that contain three to 
seven carbons, including sugars and their derivatives (e.g., sugar alcohols). Examples of a 
monosaccharide include, but are not limited to, glucose, fructose, sorbose, xylose, mannitol, 
erythritol, sorbitol, and xylitol. A monosaccharide-rich syrup may contain more than 3% (e.g., 
5% or 10%) monosaccharide. The term "converting enzyme" refers to enzymes that convert one 
saccharide to another saccharide. Both starch hydrolyzing enzymes and converting enzymes can 
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be isolated from different natural sources, such as microorganisms, animals, or plants, or can be 
prepared by recombinant technology. The term "starch-containing produce" refers to any 
produce that contains starch. Examples include, but are not limited to, rice, tapioca, grain 
sorghum, potato, sweet potato, wheat, barley, corn, and legumes. The term "starch-containing 
5 produce slurry" refers to a slurry formed by stirring in water starch-containing produce (e.g., 
milled rice), which has not been chemically or otherwise processed. 

An example of practicing the above-described method follows: One first treats a starch- 
containing produce slurry with a-amylase and then remove insoluble materials from the slurry to 
obtain a starch hydrolysate-containing solution. The solution thus obtained is subsequently 

10 treated with glucoamylase to obtain a glucose-rich syrup. The glucose-rich syrup can be further 
treated with glucose isomerase to obtain a fructose-rich syrup. Alternatively, the glucose-rich 
syrup can be treated with a microorganism to obtain a syrup rich in sorbose, xylose, mannitol, 
erythritol, sorbitol, or xylitol. 

In another aspect, this invention features a method for preparing a fermentation product 

15 from starch-containing produce. The method includes treating a starch-containing produce slurry 
with a first starch hydrolyzing enzyme (e.g., a-amylase) that hydrolyzes starch to 
oligosaccharide, a second starch hydrolyzing enzyme (e.g., glucoamylase) that hydrolyzes starch 
or oligosaccharide to glucose, and a microorganism (e.g., Aspergillus oryzae) that converts 
glucose to a fermentation product. The term "fermentation product" refers to any products 

20 prepared from glucose by fermentation. Examples include, but are not limited to, wine, vinegar, 
lactic acid, citric acid, and amino acids. To practice this method, one can first treat a starch- 
containing produce slurry with a-amylase and then remove insoluble materials from the slurry to 
obtain a starch hydrolysate-containing solution, then treat the solution with glucoamylase to 
obtain a glucose-rich syrup, and finally treat the syrup with a microorganism to obtain a 

25 fermentation product. 

In still another aspect, the invention features a method for producing a trehalose-rich 
syrup from starch-containing produce. The method includes treating a starch-containing produce 
slurry with a first starch hydrolyzing enzyme (e.g., a-amylase) that hydrolyzes starch to 
oligosaccharide, a second starch hydrolyzing enzyme (e.g., (3-amylase) that hydrolyzes starch or 

30 oligosaccharide to maltose, and a converting enzyme (e.g., trehalose synthase) that converts 

maltose to trehalose. The second starch hydrolyzing enzyme and the converting enzyme can be 
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the same enzyme. A trehalose-rich syrup may contain more than 0.3% (e.g., 0.5%) trehalose. To 
practice this method, one can first treat a starch-containing produce slurry with a-amylase and 
then remove insoluble materials from the slurry to obtain a starch hydrolysate-containing 
solution, then treat the solution with P-amylase to obtain a maltose-rich syrup, and finally treat 
5 the syrup with trehalose synthase to obtain a trehalose-rich syrup. 

In a further aspect, the invention features a method for preparing an isomaltose-rich syrup 
from starch-containing produce. The method includes treating a starch-containing produce slurry 
with a first starch hydrolyzing enzyme (e.g., a-amylase) that hydrolyzes starch to 
oligosaccharide, a second starch hydrolyzing enzyme (e.g., P-amylase) that hydrolyzes starch or 
10 oligosaccharide to maltose, and a converting enzyme (e.g., ct-isomaltosyltransferase) that 
converts maltose to isomaltose. An isomaltose-rich syrup may contain more than 0.5% 
isomaltose. 

Also within the scope of this invention is a method for culturing a microorganism. The 
method includes growing the microorganism in a starch hydrolysate-containing solution or a 
15 glucose-rich syrup prepared from starch-containing produce by the methods described herein. 

The details of one or more embodiments of the invention are set forth in the description 
below. Other features, objects, and advantages of the invention will be apparent from the 
description and from the claims. 

DETAILED DESCRIPTION 

20 This invention relates to methods for preparing syrups and fermentation products by 

treating starch-containing produce with enzymes or microorganisms. These enzymes and the 
microorganisms can be either purchased from a commercial source or prepared by the methods 
well known in the art. 

As one example, one can first treat a starch-containing produce slurry with a thermal 

25 stable a-amylase at an elevated temperature to hydrolyze starch to a soluble hydrolysate and to 
coagulate proteins. A solution containing a starch hydrolysate can be obtained after removing 
insoluble materials (e.g., coagulated proteins) from the slurry. The starch hydrolysate contains 
mostly oligosaccharides. The solution thus obtained can be subsequently treated with 
glucoamylase to obtain a glucose-rich syrup. The yield of the glucose in the syrup may vary 
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depending from the temperature, the pH, the reaction time, and the nature and quantity of the 
enzymes used in the above processes. 

The glucose-rich syrup can be further treated with glucose isomerase to obtain a fructose- 
rich syrup. The fructose-rich syrup can be used as a sweetener in beverages, baked or canned 
5 foods, and dairy products. Other monosaccharides can also be obtained by treating the glucose- 
rich syrup or the fructose-rich syrup with a microorganism. See, e.g., Lin et al., U.S. Patent 
6,455,301 and Ojamo et al., U.S. Patent 6,602,691. Alternatively, the glucose-rich syrup can be 
treated with a microorganism to obtain a fermentation product, such as wine, vinegar, lactic acid, 
citric acid, or amino acids. For example, the glucose-rich syrup prepared from rice can be used 

10 to produce rice wine directly or can also be mixed with grapes to facilitate the production of red 
wine. To produce amino acids, one or more nitrogen sources should be present in the glucose- 
rich syrup. For example, one can add urea to the glucose-rich syrup. 1 -Glutamic acid can be 
produced from glucose using the bacteria Brevibacterium divaricatum nov. sp. See, e.g., Su, et 
al., Bulletin of the Association of Agricultural Chemical Society of Japan, 1960, 24(2): 140-146. 

15 A starch hydro lysate-containing solution mentioned above can be further treated with p- 

amylase to obtain a maltose-rich syrup. The maltose-rich syrup can then be treated with 
trehalose synthase to obtain a trehalose-rich syrup. A trehalose-rich syrup can be used directly as 
an ingredient in foods. Also, high purity trehalose can be isolated from it for use in 
pharmaceuticals. The maltose-rich syrup can also be treated with other converting enzymes 

20 (e.g., oc-isomaltosyltransferase) to obtain a syrup rich in other disaacharides (e.g., isomaltose). 
Alternatively, the starch hydrolysate-containing solution can be treated with an enzyme that has 
the functions of both p-amylase and trehalose synthase to obtain a trehalose-rich syrup directly 
from the starch hydrolysate-containing solution. This enzyme can be prepared by standard 
recombinant technology. 

25 The above-described reactions can be conducted either continuously (in a reactor 

containing immobilized enzymes or microorganisms) or discontinuously (via a batch process). 
Either free or immobilized enzymes or microorganisms may be used to practice the methods of 
this invention. The enzymes or the microorganisms can be added sequentially or simultaneously. 
Preferably, different enzymes or microorganisms are used separately under optimal operative 

30 conditions. 
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The insoluble materials mentioned above can be removed either before or after a syrup or 
a fermentation product is formed. The removal process can be carried out by filtration, 
centrifugation, and decantation. 

The yields and compositions of the sugars and fermentation products prepared by the 
5 methods of this invention can be determined by suitable analytical methods, such as high- 
performance liquid chromatography and gas chromatography. 

The starch hydrolysate-containing solution and the glucose-rich syrup obtained above can 
be used to as culture media to grow microorganisms. They can be used as is, or, they can be 
dried first and then dissolved in a solution containing other ingredients before use. 
10 The specific examples below are to be construed as merely illustrative, and not limitative 

of the remainder of the disclosure in any way whatsoever. Without further elaboration, it is 
believed that one skilled in the art can, based on the description herein, utilize the present 
invention to its fullest extent. All publications cited herein are hereby incorporated by reference 
in their entirety. 

15 

Example 1 Preparation of a glucose-rich syrup 

Milled rice (Oryza sativa L.) of Tainung 67 cultivar was obtained from Taichung 
Agricultural Experimental Station (Changhua, Taiwan). Thermostable a-amylase (120 U/g, 
1.20 g/mL; TERMAMYL 120 L) was obtained from Novo Nordisk Biochem (Bagsvaerd, 

20 Denmark). Rhizopus sp. glucoamylase (5,000 units/g solid) was obtained from Sigma Chemical 
Co. (St. Louis, MO). Standard samples of glucose, fructose, trehalose, and ethanol were 
obtained from Sigma Chemical Co. The concentrations of glucose in the syrup obtained were 
measured by high-performance liquid chromatography (a HITACHI L6250 HPLC system 
equipped with BISCHOFF RI detector) at a flow rate of 1 mL/min on a ThermoHyoersil HS 

25 APS2 column (particle size, 5 pm; 250 x 4.6 mm). The mobile phase was acetonitrile/distilled 
water/formic acid (80:20: 1). The presence of the glucose was confirmed by comparing the 
retention times with those of the standard samples (e.g., 7.75 minutes for glucose, 12.21 minutes 
for maltose, and 13.7 minutes for trehalose). 

A slurry containing 10% rice flour (> 100 mesh) in deionized water was thoroughly 

30 mixed with thermostable a-amylase (0.1% of dry solid) at 90°C. The starch was hydrolyzed into 
soluble hydrolysate, which was monitored by colorimetric methods based on the formation of 
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amylose-iodine complex. All the proteins in the rice flour were essentially heat-coagulated by 
this process and precipitated from the starch hydrolysate solution. The precipitate was collected 
by filtration and dried to give high-protein rice flour. About 0.9 g of the soluble starch 
hydrolysate and about 0. 1 g of high-protein rice flour was produced from 1 g of dry rice under 
5 the above-mentioned conditions. 

The starch hydrolysate (containing mostly oligosaccharide mixtures, DP > 7) was further 
treated with Rhizopus sp. glucoamylase to produce the high-glucose syrup. Specifically, 
Rhizopus sp. glucoamylase (0.5 mg/mL) was added to the soluble starch hydrolysate and 
incubated at 55°C. In the absence of glucoamylase, the glucose concentration of the solution 
10 remained 1 1 mg/mL after 150 minutes. By contrast, in the presence of glucoamylase, the 

glucose concentration increased rapidly to 105 mg/mL in 60 minutes and reached the maximum 
concentration 1 14 mg/mL in 120 minutes. 

Example 2 Preparation of a fructose-rich syrup 
15 Glucose isomerase (SWEETZYMEE) can be obtained from Novo Nordisk Biochem 

(Bagsvaerd, Denmark). The sources of other materials and the conditions of the instruments 
used in this example are described in Example 1 above. A fructose-rich syrup is prepared by 
treating a glucose-rich syrup obtained in Example 1 above with glucose isomerase. The 
concentrations of fructose are measured in a manner similar to that of glucose. 

20 

Example 3 Preparation of a trehalose-rich syrup 

P-Amylase Type I-B from sweet potato (ammonium sulfate suspension, 980 units/mg 

protein) was obtained from Sigma Chemical Co. (St. Louis, MO). Recombinant Deinococcus 

radiodurans trehalose synthase was heterologously expressed from Escherichia coli BL21(DE3). 
25 The sources of other materials and the conditions of the instruments used in this Example are 

described in Example 1 above. The concentrations of trehalose were measured in a manner 

similar to that of glucose. 

The starch hydrolysate obtained above (maltose concentration: 34 mg/mL) was 

saccharified using P-amylase (25 jag/mL) from sweet potato at 55°C for 10 minutes to obtain a 
30 syrup rich in maltose (maltose concentration: 77 mg/mL). The syrup thus obtained was further 

treated with recombinant trehalose synthase (75 |ug/mL) from Deinococcus radiodurans at 15°C. 
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The concentration of trehalose reached 12 mg/mL in 60 minutes. By contrast, without the 
treatment of (3-amylase, the concentration of trehalose was only 5 mg/mL during the same period 
of time. In other words, the p-amylase treatment, which enriched maltose (the substrate for 
trehalose), unexpectedly increased the yield of trehalose by 2.4 folds. 

Example 4 Preparation of rice wine 

Aspergillus oryzae CCRC30884 was purchased from the Bioresource Collection and 
Research Center (Hsinchu, Taiwan). The sources of other materials and the conditions of the 
instruments used in this Example are described in Example 1 above unless otherwise specified. 

Aspergillus oryzae (10 mg/mL) was added to the syrup rich in glucose obtained in 
Example 1 (glucose concentration: 105 mg/mL) under anaerobic condition at 30°C. The 
concentrations of ethanol in the fermentation products were measured by gas chromatography. 
Quantitative analysis was carried out on a Hitachi gas chromatograph model G-3000 equipped 
with a flame ionization detector. Ethanol produced by fermentation was separated on a RTX-1 
cross-linked 100% dimethyl polysiloxane capillary column (30 m x 0.25 mm x 0.25 jxm; 
RESTEK Corp., Bellefonte, PA) using nitrogen as the carrier gas at a flow rate of 1 .0 mL/min. 
> The split ratio was 1:10. The temperatures of the injector and the flame ionization detector were 
both at 200°C. The column temperature was held at 90°C for 6 minutes. The retention time for 
ethanol was 2.28 minutes. Peak areas were calculated using a Hitachi integrator (model D- 
2000). 

The results show that the ethanol concentration unexpectedly increased to 10.5% after 
fermentation in only three days and reached 13.5% after fermentation in only five days. By 
contrast, only 1% of ethanol was produced from the original starch hydro lysate (glucose 
concentration: 1 1 mg/mL) under the same fermentation conditions after 5 days. 

OTHER EMBODIMENTS 

All of the features disclosed in this specification may be combined in any combination. 
Each feature disclosed in this specification may be replaced by an alternative feature serving the 
same, equivalent, or similar purpose. Thus, unless expressly stated otherwise, each feature 
disclosed is only an example of a generic series of equivalent or similar features. 
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From the above description, one skilled in the art can easily ascertain the essential 
characteristics of the present invention, and without departing from the spirit and scope thereof, 
can make various changes and modifications of the invention to adapt it to various usages and 
conditions. Thus, other embodiments are also within the scope of the following claims. 
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